INTRODUCTION
A elurostrongylus abstrusus (Nematoda, Strongylida) lungworm is a parasite which infects domestic cats in numerous parts of the world. In Europe, infections by A. abstrusus have been described in almost all European countries (Traversa et al., 2010) . Furthermore, some reports indicate an expansion in the geographical range of the disease and an awareness that infection in cats may be much more common than previously thought (Traversa and Guglielmini, 2008; Taubert et al., 2009; Traversa et al., 2010) . It is currently considered to be an emerging disease, probably due to climate changes, with global warming leading to the spread of a variety of definitive, intermediate and paratenic hosts, the enhanced awareness of veterinary practitioners and improved diagnostic tools or surveillance (Jobin, 1999; Root et al., 2003; Traversa and Guglielmini, 2008) .
The usefulness of pulmonary function tests (PFT) has been described in dogs and cats, including evaluation of respiratory patterns (McKiernan et al., 1993; Dye and Costa, 2004; Bach et al., 2007) , bronchial reactivity (Hoffman et al., 1999; Kirschvink et al., 2007; García-Guasch et al., 2012 , 2013 , as well as the response to bronchoconstrictive and bronchodi-
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GaRCía-GuaSCH L, MaNuBENS J , LaPORTa M , CaRRETóN E , MONTOya-aLONSO J.a. latory agents (Kirschvink et al., 2005; Leemans et al., 2009) . Barometric whole-body plethysmography (BWBP) is a non-invasive PFT that allows a dynamic study of breathing patterns by placing the patient in an unrestrained Plexiglas chamber (Figure 1 ). using specialized software, a unitless variable called Enhanced pause (Penh), may be calculated as an index of bronchoconstriction. Penh has been shown to correlate with airway resistance, bronchoconstriction and bronchodilation, and airway inflammation (Kirschvink et al., 2006; Hirt et al., 2008) . as no restraint is required, the procedure is of limited or no stress to the patient. In cats, BWBP is particularly attractive for the study of feline bronchial disease and heartworm associated respiratory disease (HaRD) (García-Guasch et al., 2012 , 2013 . The aim of this case report is to evidence bronchoconstriction associated with A. abstrusus infection through the analysis of baseline respiratory function variables obtained by BWBP.
CASE DESCRIPTION
an outdoor male European Shorthair cat aged 1 year from Barcelona (Spain) was presented to the Cardiology and Respiratory Service of the Hospital Veterinari Molins with a 3 months history of moderate respiratory distress and coughing. The cat had been previously treated with corticoids and antibiotics showing no adequate response. It had not been dewormed in the previous 3 months and had no exposure to passive smoke inhalation or other inhaled bronchoconstrictive agents. The findings on clinical examination were intermittent coughing, dyspnoea and tachypnea. Respiratory rate was 112 breaths/min and heart rate was 190 beats/min. auscultation of the thorax revealed moderately increased respiratory sounds with end-inspiratory crackles. Thoracic radiographs showed severe broncho-alveolar infiltrates in the caudodorsal lung fields. Laboratory findings were negative for feline leukaemia, feline immunodeficiency virus as well as heartworm antigens and antibodies. Blood count and serum biochemistry were within normal ranges.
BWBP was performed as previously described by The chamber is placed in a quiet room with calibrated temperature and humidity, and cats are acclimated to the chamber for 5 minutes after which data are recorded for a period of 12 minutes. (García-Guasch et al., 2012) , bronchoconstriction indexes were found to be significantly increased in this cat (Table 1) . Samples of bronchoalveolar lavage (BAL) fluid were collected as previously described by Lacorcia et al. (2009) . Examination of BAL fluid resulted in detection of larvae of A. abstrusus. Features used to identify larvae were a length of 360 to 400 μm, the lack of a sheath, the presence of a small buccal capsule, a coiled or s-shaped appearance, and a subterminal spine on the tail (Lacorcia et al., 2009; Traversa et al., 2010) .
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Fenbendazole was given orally at 50 mg/kg daily 15 consecutive days. Inhaled salbutamol (100 µgr TID) during 15 consecutive days and inhaled fluticasone (250 µgr BID) during 7 consecutive days were prescribed to improve bronchoconstriction. after two weeks of treatment, a clinical improvement was noted, with remission of the cough, dys-103 pnoea and tachypnea. Follow-up BWBP revealed a clear reduction in bronchoconstriction indexes compared with previous results (Pau=0,547±0,299 vs 1,096±0,400; Penh=0,311±0,208 vs 1,126±0,593). BaL was repeated one week after the end of the treatment (day 21) and no larvae were found. Faecal samples were collected during three consecutive days and immediately subjected to macroscopic and microscopic examination for first-stage A. abstrusus larvae using Baermann technique, as previously described (Euzeby, 1981) . No larvae were detected in any faecal sample. Monthly spot-on formulation containing imidacloprid 10% and moxidectin 1% was prescribed as preventive treatment.
DISCUSSION
The clinical signs of A. abstrusus infection are due to the inflammatory response caused by the eggs shed by the adult females and the migration of the firststage larvae up the bronchial tree causing progressive disruption of the vascular endothelium resulting in vacuolation and later proliferation of the endothelial cells in the pulmonary alveoli, bronchioles and local arteries (Traversa et al., 2010) . Those signs are generally non-specific and include coughing, tachypnea, (2) and bronchodilators. Furthermore, similar respiratory signs are found in feline HaRD , therefore is very likely to misdiagnose A. abstrusus as D. immitis . Therefore, due to the emerging nature of the disease A. abstrusus infection should be included within the differential diagnosis of cats with cardio-respiratory clinical signs (Tril and Reinero, 2014) . In this disease, clinical signs are mainly secondary to the inflammation present in the larger and smaller bronchi as well as in the bronchioles. For this reason, treatment must be focused on controlling airway inflammation and eliminating the etiologic agent. To this end, inhaled corticoids and bronchodilators were prescribed, once the bronchoconstriction was confirmed by BWBP. Finally, it has been demonstrated that, after the elimination of the A. abstrusus infection, Pau and Penh returned to ranges similar to healthy cats as shown in Table 1 .
CONCLUDING REMARKS
This report supports the usefulness of the BWBP as a clinical tool in the evaluation of cats with respiratory disease associated with A. abstrusus infection and as a method of short and long-term therapeutical monitoring. However, more studies in cats infected by A. abstrusus should be carried out together with histopathological studies to define the nature of the lesions responsible for the bronchial alteration.
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Histopathologic pulmonary changes are eosinophilic and neutrophilic infiltrates in the larger and smaller bronchi as well as in the bronchioles, and extensive multifocal granulomatous inflammation in the peribronchial tissue (Dirven et al., 2012) . Furthermore, A. abstrusus infection may cause prolonged vasoconstriction mediated by mast cells and histamine release, triggering increased pulmonary vascular resistance and producing pulmonary hypertension (Dirven et al., 2012) . Since the bronchial mucosa is infiltrated by inflammatory cells due to the presence of A. abstrusus, by using the BWBP, it is possible to determine the degree of bronco-reactivity caused by the worms in the symptomatic infected cat. The Penh and Pau variables assess the degree of resistance to the air flow in the airways. It has been demonstrated that the increase in Penh value is influenced by the degree of bronchoconstriction. For this reason Penh value is a valid indicator of bronchoconstriction state (Hamelmann et al., 1997) .
Bronchial alterations show a modified BWBP pseudoflow signal, by generating a marked peak in the early expiratory phase of the breathing cycle as shown in Figure 2a . This peak will increase as the bronchoconstriction degree increases. Once the patient was successfully treated, BWBP signal normalized and the early expiratory peak fell ( Figure 2B ).
To the authors' knowledge, this is the first report that evidences, through the use of a PFT, a severe bronchoconstriction in response to an airway inflammation produced by feline aelurostrongylosis. This being similar to that previously reported in cats infected with D. immitis (García-Guasch et al., 2012 , 2013 . Feline aelurostrongylosis may be misdiagnosed as an allergic respiratory disease due to its positive response to the administration of corticosteroids
